Objectives: Infliximab is the first anti-TNFα accepted by the Food and Drug Administration for use in inflammatory bowel disease treatment. Few clinical, biological and genetic factors tend to predict response in Crohn's disease (CD) patient subcategories, none widely predicting response to infliximab. Design and methods: Twenty CD patients showing clinical response or non response to infliximab were used for serum proteomic profiling on Surface Enhanced Lazer Desorption Ionisation-Time of Flight-Mass Spectrometry (SELDI-TOF-MS), each before and after treatment. Univariate and multivariate data analysis were performed for prediction and characterization of response to infliximab. Results: We obtained a model of classification predicting response to treatment and selected relevant potential biomarkers, among which platelet aggregation factor 4 (PF4). We quantified PF4, sCD40L and IL-6 by ELISA for correlation studies. Conclusions: This first proteomic pilot study on response to infliximab in CD suggests association between platelet metabolism and response to infliximab and requires validation studies on a larger cohort of patients.
Introduction
Infliximab is the first anti-TNFα agent accepted for inflammatory bowel disease (IBD) treatment. This chimeric antibody is composed of a murine variable region targeting membrane and soluble TNFα and a human IgGl constant part [1] . It has been used for therapy of refractory Crohn's disease (CD), for around a decade [2] . The more recent ACT I and II studies have provided evidence for its beneficial effect on ulcerative colitis (UC) [3] , The majority of IBD show significant clinical improvement with this therapy: around 70% for CD and 60% for UC.
Currently, clinical activity index and c-reactive protein (CRP) level can be used to monitor clinical and biological response, respectively. Other works proposed the use of proteins involved in intestinal inflammation or acute phase reactants for the follow-up of treated patients and to predict relapse [4] . Moreover, genetic studies allowed the identification of several gene variants associated with the response to infliximab in CD [5] [6] [7] [8] [9] . Nevertheless, none can be considered as a widely valid marker predicting the response to this anti-TNFα antibody at an individual level. Due to cost and potential side effects of this drug, any biomarker able to predict response would be useful [7] . Furthermore, precise mechanism of action of infliximab is still poorly understood. While it was first conceived as an agent blocking soluble TNFα, several other mechanisms, mainly implicating membrane-bound TNFα have been suggested [1, 10] . While other anti-TNF treatments are in development, it is particularly important to disclose which mechanisms are essential to the efficiency of such treatments. infliximab in CD. Furthermore, we observed changes in sera protein profiles after treatment dividing our CD population according to clinical response.
Materials and methods

Patients and treatment
Forty patients with CD treated with infliximab were previously included in a Belgian infliximab Expanded Access Program (Schering-Plough NV/SA, study 011246-1) at the CHU of Liege. The study was accepted by the ethical committee of Liege University hospital and all the patients gave their informed consent both for the compassionate use program and ancillary studies, including the search for serum markers predicting response to treatment. Infliximab (Remicade; Centocor Inc, Malvern, PA) was given as an IV infusion of 5 mg/kg either at baseline for non fistulizing disease or at baseline, week 2 and week 6 for fistulizing disease. Clinical and biological responses, assessed by the decrease of the Crohn's disease activity index (CDAI) and CRP level respectively, were determined 4 weeks after treatment induction (week 4 for non fistulizing disease and week 10 for fistulizing disease). Among this cohort, for the present pilot study, we selected 20 cases showing clear clinical response (10 R) or non response (10 NR) to treatment. At baseline, patients showed clinically active disease characterized by a CDAI > 150. A clear clinical response to treatment was defined by a CDAI < 150 with a decrease of at least 70 points or for patients not in remission at final evaluation, a decrease of at least 100 points. This definition of clinical response based on CDAI was used for all patients, including those with draining fistula. In this case, the draining fistula was simply included in the calculation of CDAI. A clear absence of response to treatment was defined as no decrease in CDAI or a decrease of less than 70 points. Two blood samples were taken from every patient: before treatment and after infliximab induction (week 4 for non fistulizing and week 10 for fistulizing patients). The sera were collected and stored at -80 °C until use. The characteristics of the 20 patients selected in this study are shown in Table 1 .
Proteomic serum profiling
We performed serum profiling with a Surface Enhanced Lazer Desorption Ionization-Time Of Flight-Mass Spectrometer PBSΠ (BioRad, Inc, USA). We used hydrophobic H4 protein chip arrays without pre fractionation of samples as previously described [13] . Briefly, we loaded directly on each spot a normalized amount of 12 µg of total serum proteins per sample, prior diluted in phosphate buffer supplemented with Triton X100 0.5% and 30 mM NaCl. Two washing steps were performed to discard unbound material with the same binding buffer. Four additional washing steps were performed with the same phosphate buffer: two without salt and two without salt neither detergent. Matrix used was saturated CHCA (BioRad) prepared as recommended by the manufacturer.
Reading parameters, baseline and saturating matrix signal sub-straction, as well as normalization were performed as recommended by BioRad and described in details in Meuwis et al. [ 14] . Reading's parameters were set up to obtain the best spectra, in terms of peak detection in the m/z range encompassing m/z 1000 to 15000 (monitoring signal to noise ratio, intensity, resolution) and these were kept constant through the entire experiment. The quality control (QC) used in this study was the same serum sample taken from a healthy control. A new -80 °C frozen aliquot of the same batch was used every day of the study and loaded with exactly the same standardized protocol as for patient samples. Ten chips were prepared a day and a QC was placed on every chip to monitor interchips and intra-experiment reproducibility.
Calibration was performed with the "all in one peptide mix" (BioRad) supplemented with Cytochrome C bovine and Myoglobine equine (BioRad) loaded onto NP20 chip.
Seven spectra replicates were obtained per sera sample and 2 samples of serum were analyzed per patient, one sample taken before (T0) and one after treatment (T4-10). A total of 280 spectra were recorded and analyzed. 
Statistics
Biomarker Wizard software (BioRad, Inc, USA) was used for peak integration using a minimum signal to noise ratio of 2, as previously described [14] . First, we analyzed peak distribution by univariate method performing ANOVA test on spectra replicates managed by groups: Responder (R) versus Non Responder (NR), before treatment (T0). We performed a multivariate analysis based on supervised classification with multiple decision trees boosting method and used cross validation by leave-one-out, with the software PEPITo™, as previously described [13] [14] [15] . We obtained a classification model which can discriminate R from NR patients before treatment. We calculated by leave-one-out cross validation the sensitivity, specificity and accuracy of this classification model and evaluated single potential biomarker importance (imp%). This last factor weights every potential biomarker contribution in this model predicting treatment outcome and allowed selection of the best one.
Second, we performed a "patient by patient analysis" and used Mann-Whitney test in order to compare every patient, before (T0) and after infliximab therapy (T4-10), using the seven spectra replicates recorded per samples. By this approach we selected peaks showing a significant difference in intensity between T0 and T4-10 for a minimum of 4 patients out of 10 per category (NR and R).
P values were considered significant if inferior to 0.05. All correlations, calculated by Spearman test, Wilcoxon paired tests, applied when required were considered significant if associated to a P value inferior to this limit. The same limit was used for Fisher exact test results, performed in contingency table.
Identification of biomarkers
The specific anti-PF4 antibody used for immunodepletion experiments was a polyclonal rabbit (Gentaure, Belgium). It was coupled with protein A+ agarose beads (Santa Cruz Biotechnology, USA) as recommended by the manufacturer. Polyclonal rabbit anti-FLAG antibody (Santa Cruz Biotechnology, USA) or Protein A+ agarose beads alone were used as non specific negative controls.
LC/MS-MS identification of the protein was also performed by mean of Ion-trap (Agilent Technologies, USA) as described previously [14] , after SDS PAGE 1D isolation of specific proteins migrating at PF4 apparent MW, in reduced conditions [14, 16] .
Protein quantifications and ELISA
Total protein quantification was performed using BCA method (Pierce, USA). Quantification of sCD40L and IL-6 was realized by ELISA (sCD40L Quantikine Kit and human IL-6 Quantikine Kit High Sensitivity; R&D system, MN, USA). Commercial PF4 ELISA kit was IMUCLONE® (American Diagnostica, Inc, USA). CRP was measured by routine procedure and expressed as relative value as previously described [5] ,
Results
Serum profiles
We recorded serum spectra of samples taken from patients before (T0) and after treatment (T4-10). Serum profiles were acquired from m/z 0 to 30000 and data were analyzed from m/z 1000 to 25000 to avoid irrelevant saturating matrix signal. Fifty peaks were integrated on the H4 spectra and peak intensities were used in statistical analysis. The normalization step was performed on total ion current and replicate normalization factor satisfied the manufacturer's recommendation (ranging from 0.5 to 1.5). CV of peak intensity detected for replicates of the same sample was around the repeatability announced by the manufacturer.
Prediction of response to treatment
Spectra of the two patient groups (R versus NR) were compared before treatment (T0) using univariate (Anova test) and multivariate analysis of multiple decision trees designed by boosting. This second approach generated a model of classification able to predict a positive response to treatment. We determined sensitivity, specificity and accuracy of this predicting model using a cross validation by leave-one-out and we obtained 78.6% (55/70), 80.0% (56/70) and 79.3% (111/140) respectively. This method allowed calculation of biomarkers' importance (imp%). Table 2 describes the first 10 biomarkers ranked according to their imp% and their associated P value. According to Biomarker Wizard, the first two peaks appearing at m/z 7766 and 3892 are most likely the singly (1H+) and the doubly (2H+) charged forms of the same peptide. The peak corresponding to the 2H+ form shows the second highest imp% and a significant P value in the comparison of patient groups before treatment. Thus, peak intensity distribution of the m/z 3892 biomarker, which was ranked in second position according to imp%, may help in discriminating R versus NR at T0 (Fig. 1 ). The intensity of this peak was not significantly correlated to trivial clinical and demographic characteristics including disease location, CRP level, steroid treatment or activity of the disease assessed by the CDAI score. The m/z of potential biomarkers, imp% and associated P value are given for the first 10 biomarkers ranked by multiple decision trees boosting, for the comparison of R versus NR groups before infliximab treatment. 
Identification of potential SELDI biomarkers at m/z 3892 and 7766
We made the assumption that these two peaks, detected on H4 array could correspond to the same protein detected at m/z 7771, on CM10 chip array and identified by LC/MS-MS after SDS PAGE ID gel separation, as well as by specific immunodepletion techniques in our previous work [14] . Therefore, we performed immunodepletion experiment on H4 chip array, with the same specific antibody targeting platelet aggregation factor 4 (PF4). We showed that the two peaks of interest were both depleted at the same time using this specific antibody. Fig. 2 shows typical spectra obtained with diluted sera on H4 chip and the co-depletion of peaks at m/z 3892 and 7766. This depletion was only visible with specific anti-PF4 antibody and not with the negative control conditions (aspecific anti-Flag antibody, no antibody), confirming that peaks at m/z 3892 and 7766 were the doubly (2H+) and singly (1H+) charged forms of PF4 respectively.
ELISA PF4, IL-6 and sCD40L for prediction of response to treatment
We quantified PF4, IL-6 and sCD40L using a commercial ELISA test before treatment (Fig. 3) . There was no significant difference between R and NR for ELISA PF4 (Fig. 3 A) , sCD40L, another marker ofplatelet activation (Fig. 3 .B and Table l)or IL-6 ( Fig. 3 .C and Table 1 ).
Characterization of response to treatment analysis on SELDI spectra
We analyzed peak distribution changes characterizing R or NR groups independently, comparing protein profiles before and after treatment (T0versus T4-10). Table 3 summarizes peaks found significantly discriminating the R and NR groups with the "patient by patient" statistical analysis. As described in the methods, we selected through this approach, peaks showing a significant difference in intensity between T0 and T4-10, for a minimum of 4 patients out of 10. Peaks labelled with * appeared on spectra globally decreased after treatment, whereas those with ** were globally increased after infliximab therapy. The peaks showing significant change in intensity are different in the R and the NR groups. PF4 2H+ (m/z 3892) and 1H+ (m/z 7765) significantly decreased after treatment for only 3 patients out of 20.
ELISA tests in the characterization of response to treatment
We evaluated (with paired test) the changes in ELISA measurement levels characterizing CD R and NR patients, before and after treatment by infliximab. Figs. 3A , B, and C show ELISA PF4, sCD40L and IL-6 distributions respectively, for R and NR groups, at T0 and T4-10.
We calculated the relative value, as compared to baseline (expressed in percents The peaks (labelled by their m/z value) and number of patients for whom a significant related P value was calculated between T0 and T4-10, using Mann-Whitney test, are given. Peaks found significant in R are not in NR and inversely *globally decreased after treatment, "globally increased after treatment. NS = not significant (P>0.05).
Correlation study between SELDIPF4 detection and other tests
We studied the correlation between ELISA PF4, ELISA sCD40L, ELISA IL-6 and the two related PF4 peaks on H4 spectra. ELISA PF4 was only significantly correlated to PF4 signals on spectra at m/z 3892 (2H+), in the NR group of patients before (r = 0.84 and p =3.7 10 -3 ) and after treatment (r = 0.9 and p =5 10 -4
). No significant correlation could be observed for the R group. No significant correlation coefficient was found for any group between PF4 peak at m/z 7766 (1H+) and ELISA detection. No significant correlation could be established between PF4 peaks on SELDI and ELISA sCD40L or IL-6 levels. Moreover, none of the two PF4 peaks detected on SELDI profiles is significantly correlated to CDAI, CRP, steroid medication or disease location.
Discussion
Prediction of response to infliximab has focused great attention since the registration of this drug for CD therapy. In this context, the present pilot study is the first one to report the use of proteomic serum profiling on SELDI-TOF-MS. Despite the small number of individuals tested, we obtained results suggesting that proteomic markers may help to understand response to infliximab and possibly try to define new markers for response prediction. Although a confirmation study should now be done on a larger cohort of independent patients, one potential biomarker showing high importance in a multivariate classification model could already be selected. This marker was identified as Platelet aggregation Factor 4 (PF4). This chemokine is only produced by megakaryocytes and stocked in platelet α-granules after their maturation. It belongs to the CXCL family and is naturally released during clotting or when platelet activation occurs particularly at site of injury. PF4 cooperates with other cytokines to induce tissue healing. PF4 is generally found angiostatic, prothrombotic, acts as inhibitor of immune cell migration elicited by other chemotactic cytokines and is able to induce leukocyte activation. It could be part of a complex mechanism of control of tissue healing and infiltration also involving Matrix Metallo-Proteinases (MMP-2 and 9), highlighted in a recent study addressing as well the characterization of infliximab's mode of action in CD [17] . PF4 is also considered as an acute phase reactant because its level increases with general inflammation, as already observed in plasma of CD patients [18] [19] [20] . In this study, PF4 level detected on SELDI spectra at m/z 3892 (2H+) was higher for non responders than for the patients responding to infliximab therapy (both before and after treatment). This variation in PF4 peaks detected with SELDI may reflect difference in platelet activation or metabolism rather than platelet count. Indeed platelet count was available in a subgroup of our patients at baseline and was not significantly correlated to PF4 peaks (data not shown). Previous works by Danese et al. reported that a proportion of IBD patients showed platelet dysfunction. Platelet activation was found higher for IBD patients than for healthy controls [21] . Such a difference in platelet metabolism may thus exist between R and NR to infliximab as illustrated by the significant difference on our H4 spectra. While the elevated CRP level can be used as a predictor of response [22] , a high PF4 level determined on spectra could serve as a predictor of non response to infliximab. Although a clinical heterogeneity was visible at baseline between responders and non responders, including factors potentially involved in response to infliximab, such as disease location, CDAI, CRP and steroid use, none of these factors was significantly associated with the PF4 peaks detected by SELDI. This suggests that this SELDI PF4 might represent an original marker associated with clinical response to infliximab in CD. Along this track, we aimed at characterizing the serum levels of this platelet factor by ELISA together with another marker of platelet activation, sCD40L. However, the PF4 ELISA tested on our cohort of patients was not associated with response to infliximab and was not really well correlated to SELDI PF4 peaks. Thus, serum PF4 determined on SELDI spectra and by ELISA, does not seem to be equivalent for this question. The SELDI-TOF-MS proteomic technique detects protein variants at precise m/z and involves binding on chip, whereas ELISA test probably directly quantify a whole range of PF4 variants without any competition for binding sites. Moreover, polyclonal antibodies used in this ELISA test may also cross-react with other proteins of the same family (CXCL family) showing high sequence homology, rendering this test not as specific as the particular PF4 variant detected by SELDI-TOF-MS, in the present work. One proper characteristic of proteomic technique is that a single protein may generate many signals or peaks depending on the number of charges it can acquire under ion-isation and desorption process. PF4, for example was detected in our profiles as one time charged form (1H+; peak at m/z 7771) and two times charged from (2H+; peak at m/z 3892). This property of proteomic detection may also explain the poor correlation obtained between PF4 SELDI peaks and ELISA measurements as they do not evaluate the same thing. These results emphasize that, a biomarker detected by a proteomic strategy (for example PF4-2H+) is not directly equivalent to its measurement by ELISA method and that some relevant markers selected by proteomics may not always be validated and translated easily into any commercial ELISA tests. At this stage, our finding may have more theoretical than practical interest since the difference between R and NR in this pilot study does not seem striking enough for the marker to be used in clinical practice.
The sCD40L is another important platelet-derived factor that has been correlated with disease activity and extent in CD [23] , as well as with tissue response to infliximab [24] . Similarly to PF4 determined by ELISA, sCD40L serum levels observed before treatment were not associated with response to infliximab, nor correlated to PF4 peaks on SELDI-MS. Thus, the significant difference in the precise PF4 variant detectable only on SELDI spectra might be linked to platelet metabolism alteration, not directly correlated to activation, nor platelet count. Globally, no significant correlation was found between SELDI PF4 peaks and either platelet count, ELISA PF4, IL-6, CRP, sCD40L, CDAI, disease location or steroid medication indicating that the former one may be an original marker associated with response to infliximab in CD. However these are preliminary results that should be confirmed on a larger cohort.
As far as the characterization of the response to infliximab induction treatment, the "patient by patient" approach used to monitor changes in protein profiles, appeared to be an appropriate option. Indeed, the high heterogeneity observed in the protein profiles before and after therapy partly due to individual singularities renders a global analysis of peak evolution very difficult. This problem might be overcome by using this "case by case" statistical comparison. The results obtained show that some peaks, indicating potential protein biomarkers, harbour a similar and significant evolution in a certain proportion of patients (at least 4/10) within each subgroup (R or NR). Biomarkers showing a significant evolution in at least 4/10 patients in R were different from those in NR patients, highlighting different modifications in serum composition depending on the response to infliximab. The identification of these markers should provide new information about infliximab's mode of action and could be other components of the complex mechanism leading to infiltration, tissue remodelling and to healing, already known to involve specific MMPs [17] . The expressions of these proteins are, like PF4 and other "CXC" chemokines, also controlled by proinflammatory cytokines and are produced in their final mature and active form(s) by proteolytic processing. In addition, MMP-9 appears to be able to regulate the generation or activation of chemokines of the PF4 family. These might together participate to switch from healing induction to tissue damage increase characterizing CD patients in clinical remission or showing flares, respectively. However, PF4 SELDI peaks, neither ELISA PF4, nor IL-6 or sCD40L, were significantly modified after treatment for all patient subgroups.
In conclusion, this pilot study shows the feasibility to disclose and identify potential biomarkers associated with response to infliximab by an agnostic proteomic strategy. Particularly, one SELDI peak identified as PF4 (2H+) was associated with response to infliximab in the CD patients tested and presented higher intensity levels for non responders. This may suggest an association between platelet metabolism and response to infliximab. However, this association could not be confirmed by measurement of PF4 by ELISA neither by quantifying sCD40L, another platelet activation marker. The identification of other biomarkers selected by this proteomic study requires further inquiries and these preliminary results still need to be confirmed in a large independent cohort of patients, also allowing for multivariate analysis including other potential confounding factors, such as disease location or co-treatments.
